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INTRODUCTION 




Information is a commodity that 
pervades all organized activity, 
its economic and social charac 
teristics are unique and ill-under 
stood. There are dozens of in- 
dustries and governmental oper 
ations in which information is 
the primary or sole output, and 
yet there is no comprehensive 
source of even the most basic 
facts about the information in- 
dustries as a group. The data on 
the various information indus- 
tries are scattered and disparate. 

The major reasons for this 
lack of information on informa- 
tion are clear. First, as shown in 
Figure 1, the information "indus- 
tries" are a diverse group, includ- 
ing the Census Bureau and the 
Social Security Administration; 
Hollywood, Madison Avenue, 
Wall Street, and the Pentagon, 
Bock publishing and printing, 
computer software, telegraph, 
telephone and satellite carriers. 
This just begins the list, but these 
are organizations employing 
millions of people and dealing 
in billions of dollars, employing 
varying technologies to achieve 
diverse missions, each develop- 
ing independently with little 
reference to any but direct com 
petition. 

The second major reason 
for the lack of cohesive, compre- 
hensive information on the infor* 
mation industries is the vast in* 
crease in the sheer amount of in- 
formation processing that has 
occurred in the last 30 years. As 
Figure 8 in Section 4 shows, 
while population grow at an 
average rate of 1.5 percent a year 
between 1940 and 1970, the 
number of checks written went 
up 6.7 percent a year; the num- 
ber of motor vehicle registrations 
went up at the rate of 4 per- 
cent; the number of individual 



federal tax returns grew at 5.8 
percent a year; passports issued, 
at 16 percent; individual social 
security payments, at 17.1 per- 
cent. Improvements in elec- 
tronics have greatly increased our 
capacity to handle information 
and greatly reduced the costs of 
handling information, but the 
rapid growth of the information 
industries reflects changes in 
society far beyond simple tech- 
nological innovation. 

A final reason for confu- 
sion and lacks in the data on the 
information industries is that 
these industries occupy an unus- 
ual public-private milieu with 
regulation on varying scales and 
of varying intensities, with com- 
petitive stances ranging from 
monopoly to fear of no-man's- 
land and with institutional 
energies ranging from torpid 
contemplation of the past to en- 
thusiastic ambition for the 
future. Virtually all attempts 
to study the information in- 
dustries have concentrated on 
particular cases and not on 
basic functions, on diversity 
rather than affinity. 

In other words, the 
reason for the unclear view we 
have of information indus- 
tries as a group is that very few 
attempts have been made to 
see them as a group. This no- 
tion of the importance of 
thinking about basic functions 
and not only about particular 
cases is not yet widely accep- 
ted in the realm of information 
services, but it has been use* 
fully applied elsewhere. As 
competition grew from alumi- 
num, plywood, plastics, glass 
fiber, and other materials, 
steelmakers came slowly to 
understand that they were 
supplying only one of many 
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structural materials, and that 
many of steel s functions could 
be fulfilled by alternate materials. 
Similarly, most railroad men have 
learned, sometimes forcibly, that 
trains are but one of several com 
peting modes of transportation. 
Oil, coal, electricity, radiodctiv 
ity, the wind and the sun are 
alternate, competing sources of 
energy. 

Alterations !n the relations 
between oil and coal in the en- 
ergy industries, or among trains, 
boats and pipelines in the trans« 
portation industries clearly ha 'e 
large implications for public pol 
icy. It is equally clear that 
changes in the relations between 
information industries have a 
similar impact on the public. It 
is also clear, however, that infor- 
mation is a very different kind 
of commodity, one that does 
not warm us or shield us from 
the elements but rather one that 
fills our heads and the memories 
of computers. 

Thus, IT ts thp thpsi<; of thp 
Harvard Program on Information 
Technologies and Public Policy 
that the public has a vital intor- 
est in the rapid and fundampntal 
changes occurring in: 

• how information systems per* 
form 

• who controls information flow 

• and on what terms what infor 
mation IS made available to 
users tQ meet their needs for 
the knowledge and understand* 
ing required to participate 
fully in our society. 

Of central importance js the ques 
tion of who holds how much 
power over whom. 

Today, major social, econo- 
mic and technological factors 
are altering or eliminating the 
historic barriers between infor- 
mation industries and making 
new alternatives available to in- 
formation users, Most notable 
are the vast increases since World 
War II both in transactions 
entailing information processing 
and in the capability and reliabil* 



ity of electronics, increases that 
go hand in hand with large cle« 
creases in the costs of electronic 
technologies. What therefore 
happens to one information 
industry strongly affects not 
only all the others, but also the 
public generally. These relation- 
ships have not been widely recog- 
nized and little is known about 
their effects on either the indus- 
tries or the public. 

It is the aim of the Pro« 
gram, therefore, to develop an 
understanding of information 
systems and information technol 
ogies and to use that understand- 
ing to illuminate puj)iic discus* 
sions of information policy and 
the information industries. 

In this booklet, the sec* 
tions that follow define the scope 
of the Program in terms of: 

• services that private firms or 
government agencies now per- 
form (Section 2, "The Infor* 
mation Industries") 

• interactions among these activ- 
ities (Section 3, "A Coherent 
View of Information Systems") 

^ social and technological changes 
taking place in the Information 
industries and their markets 
(Section 4, "The Information 
Technologies"); and the basic 
questions arising from these 
changes and interactions. 
Finally, broad "Program 
Strategies" are outlined in Sec- 
tion 5. These strategies are the 
principles which are used to get 
a grasp on an unwieldy and in- 
tractable field of study. 

A frank and detailed ac* 
count of the Program's work 
will be found in a companion 
booklet, The Program Year in 
Review 1973-1974. In sub- 
stance, it describes the specific 
moves toward the broad objec- 
tives described in this booklet, 
and gives details of Program 
management and finance. 
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Figure 2. Mail and telephone use increases, telegraphy declines. 

Information functions shift from one information industry to another. Those 
charts, dddpted from "Commurucdiioii ' by John R. Pierce {Scientific Amencan, 
Septomber 1972, p 37), indicate a decline m telegraphy in recent years and a 
rapid growth in nrwil and telephone communication. Note that the charts are 
not comparable, and that two scales are superimposed in the chart on mail and 
phone usage. 
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THE INFORMATION 
INDUSTRIES 




It is clear that an important 
task of the Program is to char- 
acterize the vast and varied in* 
formation industries in terms 
germane to the aims of the Pro- 
gram. Some of the elements 
public and private - of the pre- 
sent constellation of information 
industries are illustrated in 
Figure 1. A common trait of the 
listed activities is that, in each 
case, information is the primary 
or sole output. Excluded from 
the table, but important as infor* 
mation users, are all the Indus* 
tries where information proces* 
sing, however important, is inci« 
dental to producing such primary 
outputs as cars or haircuts. 

The Social Security Admin- 
istration, the county agent sys- 
tem and the banking, insurance, 
securities and legal service inc^us- 
tries are listed to mark the Un • 



derline suggested by such a 
"primary business test". Whether 
the output of these industries is 
information or something else is 
arguable. However, each indus- 
try's "production line" isessen* 
tially nothing other than an 
information processing line. 

The scope defined by 
Figure 1 is ambitious, especially 
given the tradition that treats 
these industries as isolated or, 
at most, as clustered by the 
jurisdiction of the Federal Com- 
munications Commission. Of 
greatest interest are activities 
that interact particularly closely 
and are in a state of ferment. 
These have been placed at the 
head of the list and received 
the Program's initial attention. 
As the Program continues, cri* 
teria may emerge that wilt change 
the list and the order within it. 



A COHERENT VIEW OF 
INFORMATION SYSTEMS 




Historically, patterns of informa* 
tion use, of market structure, of 
public intervention, of analysis 
and of evaluation have developed 
independently in the information 
industries. Presumably, these 
patterns were adapted to the 
particular users, markets and 
technologies of each. 

However, the record of the 
past decade suggests that the 
information industries are be- 
coming increasingly intertwined. 
The technologies of computer 
systems and telephono systems 
for example, appear to be merg- 
ing to the point that each 
may be soon considered as a 
branch of an overarching digital 
technology for information 
processing. This point is dis- 



cussed in detail in Section 4. 

This growing interchange* 
ability and indistinguishability is 
a natural development because 
all information systems perform 
one or more of the following 
basic functions: 

• creating information 

• storing information 

• processing information 

• distributing information 

• using information. 

These information functions, of 
course, pervade all organized ac* 
tivity. In the information indus- 
tries, however, they are primary 
functions. Elsewhere, they are 
incidental to some other primary 
role. Even the massive informa* 
tion processing performed by 
railroads or supermarkets quali- 
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fies them as important informa- 
tion users, but not as informa- 
tion industries. 

As the primary functions 
of the information industries 
overlap, so do the technologies 
available to perform these func- 
tions. There are many more 
alternate technological means 
for creating, storing, processing, 
distributing and using informa- 
tion than theie were at the close 
of World War II, or even just 
five years ago. (See Section 4| 
Figure 2 illustrates in simple 
form some of the shifts in 
choices of information-handling 
modes that have taken placu 
since 1950, 

The need for a coheient 
view of Hifoi matton systemb, for 
a look dt the processes that mold 
the structure and performance of 
information industries as a group, 
can be best indicated by some of 
the questions being asked about 
relationships within the group. 

Many varied combinations 
of hitherto separate information 
industries are jockeying for con- 
trol of old and new turf. The 
questions will be found In Figure 
3 labeled "Business Questions". 

Present differences in 
structure, m jurisdiction, in legal 
and other traditions among the 
information industries are as 
important to understanding how 
their interacting affects the pub- 
lic as are the growing similarities 
of basic functions. 

Some of the information 
industries, for example news 
papers and the telephone com* 
panies,are primarily in the pri- 
vate sector. Ox^k- A are essen- 
tially in the public sector, like 
the Postal Service and the Fed* 
eral information institutions. 
Still others arc mixed, like librar- 
ies and schooling. Some, includ- 
ing the telephone and telegraph 
companies and the Postal Ser- 
vice, transfer information with- 
out exercising substantial control 
over what content flows among 
users. Others, including televi- 
sion, newspapers, book publish* 

ERLC 



ers and public schools create, 
process and disseminate informa- 
tion content. 

Different traditions of 
government and other public 
intervention apply. The compe» 
titive book publishing and news- 
paper industries have been affec- 
ted indirectly through devices 
such as taxation or postal rates 
(which side«step judgments as 
between "worthy" and "un- 
worthy" publications that might 
interfere with the protection ex- 
tended to content by the First 
Amendment) and directly as 
through censorship. The tele- 
phone and telegraph companies 
are monopolies subjected to 
economic regulation, but essen' 
tidily free trom intervention as 
to content, over which, m any 
case, they have little control. 
Intervention m t»levision con- 
tent IS manifest through such 
devices as th Fairness Doctrine 
through governmental pressure, 
and through the actions of con- 
sumer groups before regulatory 
agencies or the courts. The pub- 
lic schools are instruments of 
state and municipal governments. 

Although attention to gov* 
ernment regulation has tended to 
tocus on such means as the Com- 
munications Act of 1 934, which 
created the FCC and on the copy 
light laws, the tools of govern 
ment that may or may not be 
exercised range far wider, includ- 
ing: 

• Taxes 

• Tax write-offs 

• Regulation of price, quality 
and entry 

• Standards 

• Research and development 

• Prohibitions; financial and 
criminal sanctions 

• Subsidies 

• Rewards for innovation and 
invL^ntion 

• Incentives, e.g., matching 
funds 

• Model legislation 

• Import/export trade 
management 

• Information exchange 



What determines... ? 

Who shall deliver motion picture entertainment to the 
public? Movie houses, hotels, telephone companies, over-the- 
air broadcasters or cablecasters? Whether transportation or 
telecommunications shall be used to disseminate the pictures? 
Whether the service shall be paid for by advertisers, by the 
viewers directly, through private or public subsidies or by 
other means? 

Whether data shall be carried from computer to oom- 
puter or to and from terminals in businesses or homes by tele* 
phone companies, specialized common carriers, cable television 
systems, the Postal Service, or private information delivery 
services? Who shall own the terminals and maintain them to 
the users' satisfaction? 

How services to learners will be allocated among the 
schools as wo now know them, libraries, broadcast or cable 
television, publishers or new institutions, public.or private? 

Who among the banking,:securities, telephone, telegraph 
industries, thie Postal «Seryice and private information delivery 
services shall perforn; which information services? (For 
. example, some 40% of the mail deals with financial trans- 
actions, so that the fates of the Postal Service and of payment 
mechanisms are intimately linked.) With how much super- 
vision by whom? The Federal Communications Commission, 
the Securities and Exchange Commission, the Federal 
Reserve System, associated Congressional committees or 
state authorities? Who shall set standards for media and for- 
mats of data transfer and storage? 



Figure 3. Business questions. 
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Figure 4. What's in the mail? 

What's in the mail? Us»ni| fiiiuies from Toward Postal Excellence, the 1968 re- 
port of the President's Commission on Postal Organization, we can deduce the 
existence of a large overlap between information handling in transactions and 
the fTwils. Some 60 pur cent of all mail is sealed letters. Thus, we see from this 
ttiljlf that if Sf^aled luttets ai« primanly transactions and correspondence, two- 
thirds of the lettftr service may be devoted to transactions. 
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What determines...? 

Whether broadcast traditions, publishing traditions or 
ttlephone traditions respecting control over information con- 
tent shall prevail in cable television? 

Whether the school board would pass on educational 
materials to be shown on a TV diannel in the way it now 
passes oh textbooks used in the school? Whether the Federal 
Communications Commission's Fairness Doctrine would 
apply? What a teacher's rights to switch to a noncurrlculum 
channel might be? A student's? A parent's? 

If the use of private facilities for state-approved learning 
continues to grow; what shall govern the rights and the obliga- 
tions of teachers when/traditionaljy, private employers have 
had much greater freedom in hiring and firing employees than 
school boards have? 

What happens to rights of pi;ivacy or to rights of access 
to information when the information itself is transferred from 
an institution following one set of traditions on this score to 
one following another? When the allocation of an information 
function flowsirom one industry to another? When informa- 
tion held by ah international organization moves across 
national boundaries? 

If satellite surveys of natural resources move from 
experiment to routine operation who shall operate such sys* 
tenis? Who shalVhave access to the information about 
natural resources and other data collected by these satellites? 
Whether operation and access shall be public? Private? 
National? International? 



Figure 5. Social and legal questions. 



• Establishing or supporting 
an industrial base by 
government purchase 

^> Institutional Invention 

• Government control or 
monopoly 

• Building civil works 

• Propaganda 

• Fear 

This listing was adapted 
from Joseph F Coates, Structural 
Failure- The Case of Local Gov- 
ernment, a paper forthcoming in 
Public Science 

Because of the differing 
patterns of structure, jurisdiction 
and tradition among information 
industries, a shift in the perfor 
mance of some basic informa 
tion function from one informa 
tion industry to another entails 
important social and legal 
questions and not only classical 
economic questions about re- 
turns to scale, price-setting mech- 
anisms and so on. 

Still broader questions 
arise when taking a more specu- 
lative longer point of view. Infor- 
mation, materials and energy are 
the fundamental resources es- 
sential to the physical and 
spiritual welhbeing of every liv- 
ing creature. Profound technolo- 
gical changes characterize all 



three realms. The already enor- 
mous and still forthcoming in- 
creases in the capacity and 
decreases in the cost of electronic 
information-processing devices 
can efface contemporary time 
and distance on a global scale and 
profoundly alter information 
flow over historical time. The 
very context of all other ques- 
tions may thereby be altered, as 
illustrated by some of the long- 
range questions being asked. 

In the opening discussion, 
we took note of structural ma- 
terials, transportation and ener- 
gy as precedents for the wider 
choice among alternate modes 
now available in information 
systems. But, in the United 
States, structural materials are 
primarily in the private sector, 
while information systems are 
spread in a complex pattern 
across the private and the pub- 
lic sector. The precedents of 
public intervention in trans- 
portation are not encouraging. 
Energy is in crisis. In any case, 
a fresh objective look at some 
basic questions is necessary and 
timely. 



THE INFORMATION 
TECHNOLOGIES 



The story of the growth since 
World War II of alternate techno- 
logical and institutional means 
for creating, storing, processing, 
distributing and using informa- 
tion is mainly, though by no 
means exclusively, the story of 
electronics, 

Figure 8 speaks volumes 
about how public and private 
transactions affecting millions of 
people and entailing massive in- 
formation processing have In* 
creased in the past three decades, 
whether driven by, or driving, 




simultaneous advances in infor- 
mation technologies. 

Advances in electronics 
continue swiftly in both the pri- 
vate and the public sectors. For 
example, in the public sector, 
defense research and develop* 
ment is still an important factor 
in electronics today, as it was in 
the development of electronic 
computers. According to testi- 
mony by the Pentagon's Director 
of Defense Research and Engi- 
neering, "military-oriented 
electronics technology continuos 



What determines ... ? 

How patterns of access to mformation will be distribu- 
ted among nations? Among individual citizens? What the 
likely effects of different patterns will be on political and 
economic processes? Locally? Nationally? Globally? 

How joint growth or tradeoff among information and 
transportation functions will affect the distribution of people 
and of material and energy resources? 

How the very suppliers and users of information them- 
selves will be altered by changes in the means of learning? By 
,the changes in organizational structure and changes in the pat- 
tern of power in organizations associated with new patterns of 
flow and control of information? 



Figure 6. Long-range questions. 



TYPE OF TRANSACTION AVERAGJE ANNUAL 

GROWTH 1940-1970 

Checks written 6.7% 

Telephones in use 6.2 

Individual Social Security payments 17.1 

Individual federal tax returns 5.8 

Public welfare recipients 3.5 

Airline passengers 14.3 
Persons entering hospitals for 

treatment 3.8 
Persons covered by private hospitali- 
zation insurance 9.5 
Motor vehicle registrations 4 
Passports issued 16 
Students enrolled in colleges and 

universities 5.2 
Applications received for federal 

employment 3.7 
New York Stock Exchange 

transactions 8.3 
Pieces of mail handled, 

U.S. Postal Service 3.6 

U.S. population 1.5 

U.S. gross national product 3.9 



What are the Implications for information users of 
jockeying among old and new information organizations for 
old and new information markets? 

What are the likely effects on information users of in- 
creasing or decreasing competition among old and new infor- 
mation organizations? 

How does the traditional mixture of private enterprises 
and public agencies serve information users? What would be 
the likely effects on users of shifting the allocation of any in* 
formation functions from one industry or agency to another? 
From the public sector to the private sector or vice versa? 
From national to international control or vice versa? 

How responsive are traditional patterns of governmental 
and other public intervention in Information systems to the 
needs or demands of Information users? What would be the 
likely effects of extending or curtailing intervention nationally? 
Internationally? What alternative patterns are available? With 
what likely effects? 

What governs the nature and the rate of technological 
innovation in information systems; and with what likely effect 
on information users? 



Figure 7. The Program's basic questions. 



Figure 8. Average annual growth of various transactions. 

Increases tn the volume ol annual transactions. Adapted from Alan T. Westin 
dnd M((,htiui A BdKui . DdUibanki tn o freo Soctoty \a mpott ot the Computer 

Books, New York, 1972. pp 224 227 The GNP growth tate is based on GNP 
expressed m constant dollars. 
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Once upon a time, telephone technology SMmed to be 
what the telephone industry used to supply telephone service. 
But the scientific and technological foundations of telephone 
systems and of computer systems are now merging as both 
increasingly rely on the same large-scale integrated digital 
technology for their information transmission, storage, pro- 
cessing and control functions. The boundary between the 
telephone system and computing has been the subject of a 
major inquiry by the FCC, but the issue is still wide open. 

Motion pictures once meant on)y film technology, but 
motion pictures are now routinely recorded, stored and played 
back on either film or videotape, often under the control of 
computers. Digital recording of pictures exists; but is not yet 
routine. Once upon a time motion pictures had to be physi- 
cally "bicycled" to theatres.' Now they may also be electri- 
cally broadcast over the air or sent over telephone company 
or cable television lines to theatres, hotels or homes. 

^«able television relies on coaxial cables to retransmit 
broadcast television material, including motion pictures, but 
also relies on microwave wireless technology to capture this 
material. Coaxial cables are also a major element of the tele^ 
phone network where they are used, among many other f unc* 
tions, to transmit television pictures and computer data. Most 
computers also incorporaV^ some coaxial cable. And, coaxial 
cable is by no means the only technology suitable for non- 
broadcast distribution of either television signals or computer 
data. 

Printing, once associated exclusively with moveable, 
reusable slugs of metal type, increasingly relies on computer- 
aided composition directly onto film. Some visions of future 
home delivery of "newspapers" foresee an allrelectric opera: 
tion from the moment a news item leaves a reporter's hand at 
a keyboard, is transmitted over someone's wire or wireless 
service for display to an editor working at a TV-like screen, 
is assembled with other materials in a computer's storage 
medium and then is retransmitted over someone's wire, micro- 
wave link, light pipe, laser beam or whatever to the home tele- 
vision set of a reader who then has the option of capturing 
the text permanently through some form oidry*copying or 
printing technology. 

The experimental Mailgram service links electrical trans- 
mission by the private sector with on-foot transmission by the 
public sector into a single system. Customers of the telegraph 
company with teleprinters on their premises transmit messages 
to post offices equipped with teleprinters where postal employ- 
ees remove messages, place them in envelopes and put them in 
the first class mail stream. 



Figure 9. Notes on merging technologies. 
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tc be one of our fastest moving 
and nfiost productive areas of 
applied research arid develop- 
ment," accounting for $21 6 
million or nearly 15 percent of 
the 81 ,474 million budgeted for 
the "total technology-base ef- 
fort" in fiscal year 1974.^ 

The technological bases of 
computers and telecommunica- 
tions are.mcreasingly similar and 
both of these tools are increas- 
ingly pervasive as means for con- 
trolling and linking hitherto sep 
arate old and new technologies. 
The notes on merging technolo» 
gies illustrate how this is a major 
factor in making the functions 
that information industries per- 
form and the technologies they 
use both less distinguishable 
and more interchangeable. 

The increasing pervasive- 
ness of electioniu owes much 
to massive increases in capabili 
ty accompanied by equally 
massive decreases in costs, both 
in absolute terms and in com- 
parison with older information 
technologies. For example, 
computing speed increased by 
a factor of one hundred million- 
to-one between the 40's and the 
70's. By the end of the decade, 
a transistor could "be about as 
cheap as a word printed on the 
page of a harci-cover book."^ 

The cost per component 
(mostly transistors) of the first 
rudimentary integrated circuits 
made around 1 960 was about 
one dollar. By 1973, this 
cost had dropped to about one 
cent and it is predicted to drop 
to about .003 cent by 1980, a 
ratio of thirty thousand-to-one 
in two decades. 2 In the same 



time bpan, the number of com- 
ponents per Integrated circuit 
IS expected to grow by a factor 
between one hundred thousand 
and one million-to-one. Similar 
factors in other dimensions are 
illustrated in Figures 10 and 11. 
In electronics, large increases in 
capability and large decreases in 
cost go hand-m-hand, along with 
significant increasp* in reliability. 

At present, many of the in- 
formation industries do not pro 
duce or control the production 
of their technology. A notable 
exception is the telephone in- 
dustry. American Telephone and 
Telegraph owns Bell Labora- 
tories and Western Electric for 
research, development and manu- 
facturing. General Telephone 
and Electronics owns GTE Labo- 
ratories, Automatic Electric, 
Lpnkurt and Sytvama. 

The details and trends of 
commun control patterni vary 
among major information tech- 
nology suppliers such as Eastmar 
Kodak, Hugheb, IBM, RCA, Xe- 
rox, etc. But, with some excep- 
tions (see Figure 12), these sup- 
pliers now are generally still 
distinguishable (both by func- 
tion and institutionally) from 
the industries whose output is 
information itself. The struc- 
ture and performance of these 
supplying industries is a matter 
of clear importance to the Pro- 
gram since the relationship be- 
tween technology suppliers 
and information systems is a 
major factor in understanding 
how patterns of competition, 
function allocation and public 
intervention in the Information 
industries affect the public. 
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Figure 10. Costs of alternate methods of information transmission. 

Cosl trends for terrustidi tidoimission o\ inlurmation are rlown while carrying 
capacity is up Paired uibl*? ts thu ongiiidl telephone tuchnology still in use, 
the others are later developments. The increases in the handling capacity of 
the four transmission systems represent develppments over time as well ils 
It'chiiicdl impiovtmuiiti. The investment costs art? expressed as a range. This 
chart IS adapted from staff papers prepared for the Presjdent's Task Force on 
Communications Policy, 1969. 



John S. Foster, in "Hearings on Cost 
Escalation in Defense Procurement 
Contracts and Military Posture and 
HR 6722", Committee on Armed Ser- 
vices, House of Representatives. 93rd 
Congress, First Session, 1973, p. 701. 
Another estimate has it that "the 
Pentagon's direct and indirect outlays 
for electronics and materials R&D will 
top $3.2 billion in fiscal 1974... The 
total, approximately 40% of the De* 
(Xirtment of Defense's $8.1 billion in 



planned R&D expenditures for tho 
year, is not only the largest R&D out- 
lay by far of any Federal Agency, its 
electronics content exceeds that of all 
other agencies combined.. Jn fact, Fed 
eral support of eloctron.cs technology 
IS as pervasive as electronics itself." 
Boctronics, Oct 25, 1973, p. 200. 

2 

William C. Hittenger, "Metal-Oxide 
Semiconductor Technology", Scien- 
tific American, August, 1973. p. 48fl. 
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ACCESS TIMES 
Typical today: 

Millions of bits 

Expected in future: 

to 1 billion (10^) bits 

to at least 

1000 billion bits 

to perhaps 
100,000 billion bits 



10-100 milliseconds (10'^ 
sec.) 

1-100 microseconds (10"^ 
sec.) 

ItiO milliseconds {10"^ 
sec.) 

1*10 seconds 



TYPICAL ON-LINE CAPACITIES 

c 8 Tape units 

c 8 Disk units 

% IBM Photo-digital store 

-S Precision Instrument Co. 
& Uhicon 690 



S 



"New" disks 
Optical technology 



u- Electron beam technology 



1-5 billion (10^) bits 
1*5 billion bits 
500 billion bits 
1000 billion bits 

4-20 billion bits 
100^^6,000 billion bits 
100^1,000,000 billion bits 



SOME ROUGH COSTS 
Paper 

Microfilm 
Present disks 

Future high capacity stores 



0.1-10 million (10^) bits/ 
dollar 

1-100 million bits/dollar 
10,000 bits/dollar 
1-100 million bits/dollar 



PROGRAM STRATEGIES 



Figure 11. Information access time, storage capacity and costs. 

The capacity for handling intornrwtion will grow «normousiY in the next 30 
years, ludymtj from the ttichnoloytcal tnnuvattons dhoady tu the vvoik&> Coni 
puters process information in "bits''^ each rcpresonting a '*yes or no" answer, 
or the mfornrmtion represented by a single hole in a punched card It may take 
several bits to express a word or number. Access to this mformation-takmy it 
from the computer 's storaye capacity (U<d Lrm()iiuj a to the orea ol thi: niach 
me where it can be manipulated is measured m the number of bits that can be 
retrieved in a given time. "On-line" capacity measures the amount of informa^ 
tion that can be kept on the machine, comparable to the capacity of an auto* 
matic phonograph or a juke box. To get at more mformation you have lu 
change storage units tDanuatly. The new technologies referred to utilise mag 
netiC bubbles, lasers, holography or electron beams, which permit the packmg 
of larger amounts of information into smaller spaces. As for th3 cost moasuro, a 
primary disadvantage of the rpicrofilm or punched paper tochnoiogiov tha( 
the medium of storage cannot be renewed Estimates are by John W Weil, 
M^ss Storage and Databases -Tech nicaf ImpVtcations for the Future, presented 
at Institut de ta Vie Conference, Bordeaux, 1970. 




As this booklet indicates, the Pro- 
gram on Information Technolo- 
gies and Public Policy has chosen 
an uncommonly broad field of 
study. The aim is to develop an 
understanding of the informa- 
tion industries and to use that 
understanding to illuminate 
public discussions of tnforma 
tion policy. Since the Mforma* 
tion industries have hardly 
been studied as a group, and 
Since there are hardly any dis- 
cussions of nfoi-^iation policy 
as such in the public realm at 
present, our stratta,.- considera- 
tions have been esseniidi. 

How arp we to proceed 
in making a ^'eid of study out of 
this profusu of institutions and 
technologies, ^nailmen and 
soldiers, programmers and movie 
producers? How we did in fact 
proceed is the bubject of a com 
panion booklet. The Program 
Year in Review, but we will note 
here the principles that guide us. 

f^lrst, we have met diver- 
sity with diversity. We have 
sought to develop the closest 
cooperation among specialists 
and generalists of the most var- 
ied kinds from inside and out 
side the university, from gov- 
ernment and industry. By 
bringing these people together 
wp hope TO develop a common 
language for discussion of irfor 
mation l^iobleins. A common 
language, we hope, wiU overcome 
further fragmentation of know- 
ledge, and foster a reasoned in 
terplay of conflicting philoso- 
phies, opinions and points of 
view, not to mention prejudices 
and articles of faith. 

We are aware that "inter* 
disciplinary" i^j the first word 
that an infant research program 
learns, but wc simply could not 
proceed if we were not able to 
support each other's endeavors. 



No other sort of research is 
feasible in this field. 

Any research work has a 
tendency to sprawl and interdis- 
ciplinary work in a new broad 
field of study is hardly an ex 
ception. Our second strategic 
principle then has been to 
attempt to keep each research 
projeCv within manageable pro* 
portions and to allocate research 
efforts so that the projects sup* 
port each other and are suitable 
to being drawn together in an 
approach to theory. 

The great importance of 
the information issues and the 
current low le.vel of public dis* 
cussion of them encouraged the 
formulation of our third strategic 
principle, that research projects 
should be formulated in ways 
that help specify and assess poli- 
cy options and their likely 
effects on the public. A corollary 
principle has been that the Pro* 
gram should not only produce 
conventional scholarly publica- 
tions, but also material in a form 
useful and intelligible to the gen* 
era! public. 

Our final strategic principle 
IS aimed at assuring that the Pro* 
gram's work represents both in* 
tellectual independence and 
timely responsiveness to specific 
needs for knowledge. Thus, we 
have sought and continue to seek 
funding from multiple private 
and publ.c sources and aim at 
a balance between general con* 
tnbutions to foster independence 
and project money that will make 
for responsiveness. This variety 
of funding methods will, we 
hope, forestall the complacency 
that can result from general 
funding and the servile hustling 
that project -oriented fund raising 
sometimes entails. 
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Figure 12. Hardware/software cost trends 

Hardware/Software cost trends in computer systems show a pronounced shift 
toward a higher proportion of software costs. The tasks that any particular 
computer system actually does are specified only in part by how the physical 
system (hardware) is built. Programs of instructions (software) must be fed in- 
to the system to complete the specification. This complementarity (and, in> 
deed, interchangeability) of hardware and software blurs the boundary between 
technology suppliers and the computer software supply industry, which wo 
count among the information industries. The trend estinfiates are by Barry 
Boehm, in Software and its Impact: A Quantitative Assessment, RAND paper 
P4947, December 1972, p. 5. 
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